Calcium/calmodulin-dependent kinase II has been suggested to produce input-specific long-term potentiation of synaptic strength. This idea has been complicated by results from Rose, Jin, and Craig demonstrating that spatiotemporally restricted NMDA receptor excitation at contiguous synapses can result in the translocation of activated CaMKII throughout the dendritic arbor.
NMDA receptor-dependent plasticity mediated by calcium/calmodulin-dependent kinase II (CaMKII) is widely considered a leading candidate for the cellular expression of learning and memory (Lisman et al., 2002) . Coincident depolarization and neurotransmitter binding activates NMDA receptors, leading to Ca 2+ influx at the postsynaptic terminal. This local and transient increase in Ca 2+ strongly enhances calmodulin (CaM) binding to CaMKII holoenzymes, resulting in CaMKII autophosphorylation and its translocation to the postsynaptic density (PSD). At the PSD, CaMKII strengthens excitatory postsynaptic currents (EPSCs), most notably by positively regulating AMPA receptor function and targeting. Because autophosphorylated CaMKII retains activity in the absence of CaM binding, short pulses of Ca 2+ may be sufficient to elicit and maintain potentiated states over long timescales. Accordingly, these biochemical events represent a Hebbian mechanism by which specific synapses may be uniquely and stably strengthened, the foundation of many cellular theories of learning and memory. Canonical long-term potentiation (LTP) induction protocols repetitively stimulate presynaptic fibers, typically at 100 Hz for 1 s. Such stimulation protocols reliably elicit LTP in what is generally considered an input-specific manner. However, while input specificity can be localized to a single dendritic spine (Matsuzaki et al., 2004) , other stimulation protocols suggest that potentiation can spread over short distances (Engert and Bonhoeffer, 1997) .
Considering this, Rose, Jin, and Craig (Rose et al., 2009 [this issue of Neuron]) sought to confirm that CaMKII translocation is spatially restricted in response to synaptic activity, a critical determinant for input-specific potentiation. A single puff of glutamate and glycine onto 7-32 contiguous dendritic spines resulted in the local translocation of fluorescently conjugated-CaMKII to PSDs at the site of NMDA receptor activation. Unexpectedly however, this translocation of CaMKII then spread distally along the stimulated dendritic branch and subsequently throughout the somatodendritic compartment. Using a recombinant sensor to measure postsynaptic CaMKII kinase activity, Rose, Jin, and Craig confirmed that distally translocated CaMKII is catalytically active. Furthermore, L-IPS CaMKII translocation appears sufficient to promote the local accumulation of GluR1-YFP, an established mechanism underlying LTP. Physiological confirmation of heterosynaptic potentiation at distal synapses is necessary to substantiate these results, but is consistent with known activities of CaMKII at the PSD.
As expected, such propagation requires an elevation of intracellular Ca 2+ in addition to CaMKII catalytic activity. L-IPS translocation of CaMKII did not require intrinsic network activity or back-propagating action potentials, confirming that translocation is no longer input specific. Furthermore, such propagation did not appear to require extracellular cues as it did not directly transfer between crossing dendritic processes of the same neuron. (Schiller and Schiller, 2001) . Previous studies have demonstrated that CaMKII translocation to the PSD requires CaM binding, its persistence highly regulated by intersubunit autophosphorylation at threonine 286/287 (Shen and Meyer, 1999) , which strongly enhances CaM-CaMKII association. Importantly, the phosphorylation of Thr286 requires simultaneous binding of CaM to adjacent subunits, an event highly constrained by basal calcium levels. These biochemical properties, coupled with the apparent lack of interholoenzyme autophosphorylation (Hanson et al., 1994) , present significant obstacles to L-IPS translocation of CaMKII in the absence of regenerative Ca 2+ waves.
To resolve this paradox, Rose, Jin, and Craig propose that sparsely phosphorylated (''primed'') CaMKII holoenzymes may be cooperatively phosphorylated by highly activated CaMKII holoenzymes due to CaM-mediated self-association, a model not explicitly tested by Hanson and colleagues in their in vitro experiments (Hanson et al., 1994) . Similarly, a complementary cascade may reside in a regenerative pool of active CaMKII at the PSD. High concentrations of autophosphorylated CaMKII at the PSD might saturate counteracting phosphatase activity, leading to regenerative autophosphorylation at basal Ca 2+ levels (Lisman et al., 2002) . However, as CaMKII holoenzymes likely contain both a-and b-CaMKII isoforms, inactive CaMKII holoenzymes may be sequestered in the dendritic shaft by b-CaMKII-mediated binding to F-actin (Shen et al., 1998; Shen and Meyer, 1999) , limiting their interaction with the regenerative pool at the PSD. As b-CaMKII displays higher affinity for CaM, autophosphorylation of b-CaMKII in response to L-type VGCC activity may preferentially release holoenzymes from F-actin, allowing their diffusion into the PSD and their cooperative retention by either proposed biochemical mechanism. Explicit in this model is that higher initial concentrations of autophosphorylated CaMKII at the PSD would be more effective in trapping primed CaMKII, a condition not present in the 7-10 day hippocampal cultures utilized in earlier studies but potentially ubiquitous in the mature hippocampal cultures utilized in this study. As strong asymmetries in CaMKII PSD concentration are observable in vivo, potentially reflecting precise patterns of potentiation (Petersen et al., 2003) , it is conceivable that such asymmetries are compressed in vitro due to recurrent network activity, leading to globally equivalent translocation as observed here. Activating L-type VGCCs in the absence of NMDAR activation may clarify whether local NMDAR spikes are essential for regenerative translocation. Additionally, testing paradigms where endogenous CaMKII is low or absent from the PSD may establish whether PSD stores of activated CaMKII enhance propagation or are necessary for sustained translocation. Irrespective of the mechanisms employed, Rose, Jin, and Craig provide strong evidence that spatiotemporal patterns of intracellular Ca 2+ transients may lead to nonlinear cooperation between CaMKII holoenzymes, a fascinating complication that is now accessible to manipulation and study.
In considering the physiological consequences of L-IPS CaMKII translocation, potential interactions between heterosynaptic and input-specific mechanisms of potentiation are particularly important. At first glance, global translocation may result in an irreversible normalization of synaptic weights throughout the neuron, erasing earlier input-specific forms of postsynaptic LTP. However, if the necessary Ca 2+ spikes were tightly regulated by specific patterns of activity in vivo, such heterosynaptic normalization of synaptic weights could be useful for the remapping of neuronal response profiles. Conversely, the pervasive occurrence of such signals might interfere with the retention of long-term memories.
Alternatively, if heterosynaptic translocation of CaMKII is nonlinearly reinforced by pre-established CaMKII at the PSD, regenerative translocation might complement pre-existing input-specific LTP. Interestingly, such an increase in the cellular responsiveness of pyramidal neurons represents an important imprint in Buzsá ki's two-stage model of hippocampal memory trace formation (Buzsaki, 1989) . CA3 hippocampal neuron apical dendrites are innervated by giant multiactive zone granule cell mossy fiber presynapses proximally and also by thousands of entorhinal fibers of the temporoammonic pathway (TA, perforant path) distally. During exploratory behavior, granule cell mossy fibers fire tetanically but are relatively quiescent during the synchronous bursting of pyramidal neurons (sharp wave events) that characterize slow wave sleep, a physiological state considered important for memory consolidation.
Might the tetanic bursting of giant mossy fiber presynapses during exploratory behavior lead to cell-specific heterosynaptic potentiation of TA-CA3 inputs, thus priming individual CA3 pyramidal cells to represent earlier patterns of cortico-hippocampal activity? Intriguingly, such heterosynaptic potentiation has been observed (Tsukamoto et al., 2003) . Burst stimulation of mossy fiber strengthened TA-CA3 monosynaptic responses in a MF-CA3 NMDA receptor-dependent manner. L-type VGCC activation appears highly sensitive to EPSP-induced depolarization relative to action potential-induced depolarization (Mermelstein et al., 2000) , potentially reflecting their divergent kinetics of repolarization. During exploratory behavior, it is possible that tetanic and/or coincident MF activation onto single CA3 pyramidal cells would uniquely lead to the global Ca 2+ wave necessary for L-IPS accumulation of CaMKII and thus heterosynaptic LTP in vivo. Such heterosynaptic stabilization of Hebbian plasticity may represent a complementary alternative to neuromodulators such as serotonin. However, for such intersynaptic memory transfer or consolidation to be useful, heterosynaptically potentiated TA-CA3 inputs might need to faithfully represent the same perforant path inputs that stimulated the relevant mossy fibers (Buzsaki, 1989) . Furthermore, the stability of heterosynaptic potentiation should be nonlinearly dependent upon pre-existing potentiation as measured by the levels of CaMKII at individual PSDs. In conclusion, clarifying the physiological relevance and consequence of L-IPS CaMKII translocation and heterosynaptic potentiation, particularly its effect on previously established input-specific LTP, will shed more light on the cellular mechanism of hippocampal memory formation.
